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A REYROLDS NUMBER OF 6.0 X 106

By William M, Hadaway and Reino J. Salmi
SUMMARY

The low-speed lateral control and hinge-moment characteristice of
a 20-percent-chord plain aileron on a 47, sweptback wing of aspect
ratio 5.1 have been determined in the Langley 19-foot pressure tunnel.
The tests were made with and without high-l1i1ft and stall-control devices

at a Reynolds number of 6.0 x 108.

The results indicated that an airplane with a wing similar to the
one tested may exhlbit undesirsble rolling oscillations and vlbrations
gt moderate and high angles of attack due to intermittent separation of
flow over the wing. The static roliing moments obtained with large
alleron deflections were greater 1n magnitude, however, than the rolling
moments induced by the separated flow, thereby indicating that some
degree of lateral control could be malntalned. At zero angle of attack,
& rate of change of rolling-moment coefficient with aileron deflec-
tion CZS of 0.00080 was obtained which was in falr agreement with the

calculated value. The addition of leading- and trailing-edge flaps did
not apprecisbly sffect 018 at low 1lift coefficlents. Because of the

nonlinear characteristics of the rolling-moment data, the value of the
aileron effectiveness parameter 015 was not well-defined in the angle-

of-attack range through which flow separation occurred. EHowever, the
data indicated that the rolling moments nesr maximum 1ift were sgbout
TO percent of the values obtalned at zero angle of attack for large
total aileron deflections. Measurements of the ailleron hinge moments
and balance-chesmber pressures indicated that a ratio of the ailleron
nose balence to the aileron chord of 0.60 or more will be required to
balance caompletely the lnternslly sealed type of aileron.
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IRTRODUCTION

Previous investigations of plain flap-type allerons on sweptback
wings (references 1 to 3) have shown that the alleron effectiveness in
the low lift range can be predicted by semiempirical meens hased on
simple sweep theory. The effectiveness of the alleron st the higher
1ift coefficlents, however, csnnot be calculated because of* the early
separation of flow over the wing (reference 4). An investigation was
made on a 47.7° sweptback wing of aspect ratio 5.1 employing a 20-percent-
chord outboard alleron to provide Informetion on the aileron effectiveness
on a wing of relatively higher aspect ratio and sweep than hes previously

been investigated. The tests were made at & Reynolds number of 6.0 X 106
and a Mach mumber of 0.1%. These tests are part of a general investigation
of the subject wing and the longitudinal stebility characteristics have
been reported in references 4 to 6.

SYMBOLS

All data are referred to a system of wind axes originating at the
quarter-chord point of the mean aerodynamic chord projected to the
plane of symmetry. Symbols used herein are deflned as follows:

cr 1ift coefficient (@-)
a3
Cm pitching-moment ccefficient (Pitching_moment)
gSc
Yawling moment
Cn yawing-moment coefficient ( e
. qSb
Cy rolling-moment coefficient Rolling moment
qSb
Cn alleron hinge-moment coefficient Hinge moment
a 2Maq
Cyp aileron-load coefficient [—2-
a aSg

Z eileron load normal to wing chord line, pounds

1
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ct

resultent pressure coefficient in aileron balance com-

Pressure below seal - Pressure above seal)

artment
. ( -

aileron-geal leakage factor

1 Pressure difference across seal
Pregsure difference across vents

Reynolds number (EEE)

angle of attack of root chord line, degrees

aileron deflection measured in plane perpendicular to
hinge line, positive when deflected down, degrees

wing area (30.35 sq ft)
aileron area rearward of hinge line (0.7120 sq ft)

local wing chord measured parallel to plane of symmetry,
feet

b/2
mean aerodynsmic chord (2.60 f£t) %x/h c2dy
o]

local wing chord measured perpendicular to 0.286 chord
line .
alleron chord measured normal to the 0.286 chord line

root-mean~-square chord of alleron behind and normsl to
hinge line '

root-mean-square chord of assumed alleron balance meas-
ured forward of and normel to aileron hinge line

dynamic pressure, pounds per square foot (ng)

wing span perpendiculer to plane of symmetry (12.46 ft)
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moment area of alleron behind hinge line about hinge axis
(0.0913 cu £t) (.35 j; Pa ¢ 23y

eileron span messured parallel to aileron hinge line
(33.82 in.) .

mass denslty, slugs per cublc foot

free-streem velocity, feet per second

coefficient of viecosity, slugs per foot second

lateral coordinsate, feet

arithmetical sum of equel up and down aileron deflec-
tions for an assumed set of allerons, degrees

engle-of-attack change due to rolling

rate of change of rolling-moment coefficient with
alleron deflection

rate of change of alleron hinge-moment coefficient with
alleron deflection

rate of change of alleron hinge-moment coefficient with
angle of attack

rate of change of resultant pressure coefficlent with
ajleron deflection

rate of change of resultant pressure coefficient with
engle of attack

rate of chenge of slleron hinge-moment coefficient in
steady roll with alleron deflection

damping coefficient, that 1s, rate of change of rolling-
moment coefficient C; with wing tip-helix

angle pb/2V

sngular velocity in roll, radians per secord
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MODEL

The model used in the investigatlion was of steel construction and
had a leading-edge sweep of L47.7°, an aspect ratio of 5.1, a taper ratio
of 0.383, and NACA 64-210 airfoil sections normel to the 0.286 chord
line, Washout about the 0.286 chord lire was 1.32° and there was no
dihedrsl. The generesl dimensions of the model sre presented in figure 1.

The left wing was fitted with a 0.20c!' plain aileron which was
internally sealed. The aileron extended from O.614b/2 to 0.965b/2.
The alleron hinge moments and the components of slleron normal force
perpendicular to the wing chord line were measured by resistance type
of straln geges mounted on each of the three beams connecting the
alleron to the wing. A flexlble seal was Ilnstalled between the aileron
and the wing. Twelve orifices, six &bove the seal and six below, were
ingtalled in the balance chember to measure the pressure differential.
The alleron detalls are shown In figure 1.

Details of the leading-edge and trelling-edge flaps are presented
in figure 2. The leading-edge fleps had a constent chord of 3.05 inches
measured normal to the leading edge of the wing and were deflected down
45° from the wi chord plane. The leading-edge flaps extended from
0.5b/2 to 0.975b/2.

The trelling~edge split flaps were made of 1—]é---:anh duralumin and

were deflected 60° from the lower surface of the wing measured normal
to the 80-percent chord. They extended from the plsne of symmetry
to 0.4b/2 and the chord of the flaps equaled 20 percent of the wing
chord perpendicular to the 0.286 chord line.

TESTS

The tests were made in the Langley 19-foot pressure tunnel with
the alr in the tunnel compressed to approximately ok stmospheres. A

Reynolds number of 6.0 X 10% and & Mach mumber of 0.1% were maintained
during the tests. Measurements of the momente and forces were made for
each configuration through the angle-of-sttack range fram -4° to approxi-
mately 30°. Aileron loads, hinge moments, and balence-chamber pressures
were also obtained for eech configuration from -20° to +20° aileron
deflection.
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CORRECTIONS TO DATA

The 1ift and pltching-moment date heve been corrected for air-
stream migelinement and for support tare and interference effects. The
dynemic pressure has been corrected for the effects of blockage. Jet-
boundary corrections based on the method of reference 7 have been
applled to the angle of attack, pltching-moment coefficient, rolling-
moment coefficient, and yawing-moment coefficient. The rolling moments
obtalned at B&g = 0° were used as tare corrections to the rolling
moments obteined st =211 aileron deflectlons and the tares applied are
gshown 1in figure 3. Similar tares were applied to the yawing-moment
coefficients.

A calibration of the alleron seal indicated an average leakage
factor E of 0.12 due to the dlscontimuity of the seal along the
alleron span st the strain-gege beam positlons and the leakage around
the ends of the ailerons. The resultant balance-chamber pressures at
each orifice statlion were corrected with corresponding E values to
obtain a simulated seeled condltion. Leskage across the seal may have
an effect on the hinge moments and rolling moments &t very low angles
of attack (reference 8). At moderate and high angles of attack, how-
ever, the effects of the leakage acrogs the seal on ‘the hinge monents and
rolling moments for the wing of the present investigation are belleved to
be small. :

The aileron-load coefficlent was measured normal to the wing chord
for all deflection angles. An anslysis of the aileron pressure distri-
bution data of reference 8, however, indicated that the chordwise forces
on the alleron are small; therefore the force normal to the aileron
chord line can be spproximated by dividing CZa by the cosine of &g,

RESULTS AND DISCUSSION

The basic alleron data are presented in figures 4 to 8. The results
have been summarized in figures 9 to 12.

Investigations of lateral control characteristics at low speeds and
high Reynolds numbers are of primary concern at high 1ift coefficlents.
The rolling-moment dete in the high-lift-coefficlent range obtained in
the present investigation, however, exhibited scatter and nonlinesrity
due to unsteady and unsymmetrical forces on the wing which resulted from
intermittent separated flow. Considerable vibration of the model also
occurred in the separated flow range, especially at angles of attack
near maximm lift. '
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In an effort to establish the reliability of the data, some retests
were made after the model and test apparatus were carefully checked, but
no sppreciable difference In the nature of the results was obtained.

The rolling-moment variations which resulted from the unsteady forces,
as indicated in figure 3, were of smaller msgnltude than the rolling
moments due to large alleron deflections (figs. 4(a), 5(a), and 6(a)).
Some degree of lateral control st high angles of attack would, there-
fore, be maintained. The alleron normal-force end hinge-moment data
do not exhibit the scatter which was obtailned in the wing rolling-
moment data because the normal forces and hinge moments were recorded
visually from & highly demped self-balancing type of potentiometer.

From figures 3, 4(a), 5(a), and 6(a), it can be seen that the
rolling-moment oscillations were present for all alleron deflection
angles. The alleron, therefore, has llttle effect on the intermittent
separation characteristics, and the same difficulty in obtalning Cza

would be experienced regardless of the asileron location or the type of
lateral-control device used.

It seems likely that vibretions simller to those experienced on
the wing of the present lnvestigation mey be induced on en alrplane in
flight having a similar wing. The severity of the lateral osclllations
and vibrations for the wlng cannot be predicted from the data obtalned
from the present tests, however.

Previous investigations of wings of lower sweep heving round-nose
elrfoil sections have algo shown nonlinesrity and scatter of rolling-
moment data at angles of attack where flow was separated (references 1
and 2). The Plow separation and accompanying irregularities of these
previous tegts occurred at or near maximum 11ft; whereas in the present
investigation, separation occurred at an angle of attack well below
Cr,...» &5 indicated by figures %, 5, snd 6. The results obtained fram

tests on the wing of the present investigation do not necessarily mean
that the same type of Intermittent separated flow will be obtalned on a
similar wing having a different airfoll section. Also, the intermittent
type of flow separation might be improved by the use of stall-control
devices other than those tested.

Rolling-moment characteristlecs.~ Rolling-moment data are presented
for the entire angle-of-attack range tested; but the alleron effective-
ness parameter CZS’ as determined from a small range of aileron deflec-

tions through &g = 0C, was not evaluated for angles of attack greater

then 16° because of the scatter of dats due to intermittent separated
flow in the hlgher angle-of-attack range. A CZS value of about

0.00080 was obtained at 0° angle of attack for the plain wing (fig. 9).
A corresponding CZs value of 0,.00072 was celculated by the method of
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reference 9. The alleron effectiveness decreased gradually ess the
angle of attack was increased fram 0° to 16°. With leading-edge flaps
deflected, a value of CZS of 0.00075 was obtained at zero sngle of

attack and remained fairly constant to about 12°, beyond which it
decreased. With both leading-~ and trailing-edge flaps deflected,
018 was sbout 0.00080 at 0° angle of attack end remsined spproximately

constent to an angle of attack of 9° and then decreased as tke angle of
ettack was increased to 16°.

At the angles of attack at which separstion flrst occurred, as
indicsted by the unstsble changes in the pitching moment (figs. 4(c),
5(c), and 6(c)), a large decrease in the rolling moment occurred for
large negative (up) alleron deflection angles (figs. %(a), 5(a), and
6(a)). The rolling moment for large positive (down) aileron deflections
decreased gradually throughout the sngle-of-sttack range for the plain
wing, decreased only in the high-lift-coefficient range with leading-
edge flaps deflected, and remained approximately constant to meximum
1ift for the combinstion of leading- and trailing-edge flaps.

Comparisons of the rolling momente for varlous total aileron
deflections are presented in figure 10. For total aileron deflectlions
of 12° or more, the largest rolling moments were obtained below 5° angle
of attack for the plain wing configuration., Between 5° and 16° angle
of attack, the largest rolling mcments were generally obtained with
leading-edge flaps deflected, and beyond 16° the largest rolling moments
were generally obtained with both leading- and trailing-edge flaps
deflected. The rolling moments neear the maximm 1ift coefficlent for
lerge total aileron deflectlon angles were about 7O percent of the
values obtained at zero 1ift coefficlent. )

The yawing moments at small total aileron deflections were negli-
gible through the angle-of-attack range for all copfigurations. As
Batotal wag increased, however, adverse yawing moments were obtained

for all except very low angles of attack for each configuration. The
variations of the yawlng-moment coefficient with angle of attack for
the highest total aileron deflection tested (40°) are shown in fig-
ure 10. The adverse yaw was grestest with the plain-wing configuration
except at maximum 1ift coefficients.

Pitching-moment characterigtics.- The effect of maximum. up and
down alleron deflections on the pltching-moment characteristics are
presented in figures 4 to 6. The increments in pitching moment were
larger for the up-aileron that for the down-sileron for all wing con-
figurations except at engles below 4° for the plain wing and between
11° and 18° for the leading- end trailing-edge flap configuration,
where the Increments appesred to be equal. The dashed lines on the
pitching-moment curves indicate the change in pitching moment due to
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the combined meximum up and down alleron deflections for each wing con-
figuretion. Deflection of the leading-edge fleps reduced the total
pltching-moment increment between the maximum up and down alleron deflec-
tlons to gbout TO percent of the corresponding plain-wing increment at
zero angle of atteck. As the sngle of attaeck was increased, the differ-
ence 1n total increments became smaller until they were gbout equal

at 20°. With the leading-edge flaps deflected, deflecting the trailing-
edge flaps Increased the pitching-moment increment between the maximum
up and down aileron deflections throughout the angle-of-attack range.

Hinge-moment characteristics.- The parameters Cha, Chm’ PRS’

and PRm are presented in figure 9 as functions of «. In order to

determine the hinge-moment characterlstics 1n a gteady roll, these
parameters have been utilized in the seme manner ss 1n reference 3:

D e . 2(6a)p c
Chﬁ hB with ABg Ba, with
balence balance
where
Ch. ' rate of change of aileron hinge moment with deflection when
8 wing is in & steady roll

—_— ratio of effective change in angle of attack to total alleron
Adg deflection in & steady roll. (Values of this parameter as =

function of wing and alleron geometric and aerodynamic

characteristice are shown 1n reference 10. From these data

2(sa) Cy
the value of ——L 1is found to be -63.9 —2 or, with
OBg, Cip
& value of CZP estimated from reference 11 to be 0.303,
2 (o)
—L - o110, .
e 2 Cls)

The effects of the internally seaied balance are accounted for in the
followlng equations: .
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2
_ i
Che with = Chg without ¥ 5 PRoc< )

balance belance

N~
o

o
TN
O] 01
&'l
~

Ch Ch + =
5 with ® without
balance balance

where the span of the balance 1z aassumed equel to the span of the
alleron and where the balance chord 1s assumed to include one-half of
the gap covered by the seal.

Velues of ChS' have been computed for severel ratios of alleron

nose balance to alleron chord and are presented in figure 11 as a func-
tion of the angle of attack. For various balance chord ratios of the
plain-wing configuration, there was generelly a small reduction in the
values of Cp ' as the angle of attack was Increased from 0° to 12°.

Between 12° and 16°, however, values of chS' varied greatly with small

increments in angle of attack. At 14° angle of attack, & positive value
of Cha' (overbalance) was obtained for zero balsnce chord ratio. The

overbalance resulted from the large negative value of Chm at 14°, as
shown in figure 9. Although a large posltive value of PRG also
occurred st 14°, tending to counteract the effect of Chm’ its effect
was small compared to the effect of Cha' It 1s believed that the large
values of both Chm and PRm for the plain wing at 14° angle of attack

resulted from the effects of vortex flow over the tip sections (refer-
ence 4). Deflection of the leading-edge flaps confined the vortex flow
to sections inboard of the leading-edge flasp (reference 5), and hence
the large variations of Chm and PRm for the flaps-deflected configu-

rations were not obtelned. Leading-edge flaps also tended to reduce the
variations of Ch8 and PR6 with angle of attack at low 1lift coef-

ficlents; consequently, the values of Chs' were more nearly constant

with increase in éngle of attack from 0° to 169, Figure 12 indicates
that a nose balance of approximastely 60 percent of the aileron chord
will be required to balance the alleron below 12° angle of attack for
the plain wing or for leading-edge flaps deflected and below 16° angle
of attack for the combination of leading- and trailing-edge flaps
deflected.
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Aileron-load characteristics.~ The aileron coefficient Cg,
(figs. 4(a), 5(a), and 6(a)) increased uniformly with angle of attack
except for the plain wing, in which case & rather rapid lncrease
occurred between 13° and 15° angle of sttack. It is believed that the
rapid increase in cza resulted from the effects of the vortex flow at

the tips for the plain wing. The greatest values of Cza. were obtained
wilth the configurations having £laps deflected.

CONCLUDING REMARKS

’

An investigation of a 20-percent-chord plain alleron on a
L7, 7° sweptback wing of aspect ratio 5.1 indiceaeted the following:

1. Oscillations end vibrations of the wing at moderate and high
angles of attack resulted from unsteady forces due to intermittent flow
separation. The rolling-moment variations due to unsteady forces were
emaller in magnitude, however, than the rolling moments due to large
elleron deflections, thereby indicating thet some degreé of lateral
control could be maintained throughout the lift-coefficient range. It
is probable thet vibration problems may be encountered on a wing of
similer plan form and alrfoil sectlion in f£light.

2. Although nonlinearity of rolling-moment data prohiblted an
evaluation of CZS vaelues at high 1lift coefficients the deta indicsated

that for large total aileron deflections the rolling moments at meximum
1ift were gbout 7O percent of the values obtained at zero angle of
attack.

3. The value of C7’5 of 0.00080 for the plain wing at zero angle

of attack was in fair agreement wlth the calculated value and the addi-
tion of leading~ and tralling-edge flaps did not appreclably affect CZS

gt low 1lift coefficients.

4, A ratio of the alleron nose balance to the alleron chord of 0.60
or more will be required to balance completely en intermally sealed
alleron of the type investlgated.

Langley Aeronsutlical Laboratory
National Advisory Committee for Aeronautics
Langley Field, Va.
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